
8 

NACA 

RESEARCH MEMORANDUM 

CHARTS FOR DETEFWINXG PRELIMINARY VALUES OF SPAN-LOAD, 

SHEAR,, BENDING-MONLENT, AND ACCUMUIATED-TORQUE 

DISTRJBUTIONS OF SVlEPT VJINGS OF VARIOUS 

TAPER RATIOS 

BY 

Bertram C. Wollner 

Langley  Aeronautical Laboratory 
Langley  Field, Va. 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 



NACA RM No. -26 

NATIONAL A W I S O R Y  C O k T I E E  FOR AEROmAUTICS 

DISTRIBUTIONS OF SWEPT WINGS OF VARIOUS 

TAPER RATIOS 

By Bertram C. Wollner 

Charts are  presented  which may be used in determining preliminary 
values of the  spanwise-load,  shear, b e n d i m m n t ,  and  the  accumulated- 
torque  distributions of swept  wings of various  taper  ratios. The charts 
are based on strip  theorg  and  include four aerodynamic-load  distributions, 
two  section-moment  distributions,  and  two  inertia-load  distributions. The 
taper  ratios  considered cover the range from 1.0 to 0, and the  results a r e  
applicable t o  any angle of sweep.  The  curves m e  useful  in prelimiq 
design  work  where only a rough  idea of the  magnitudes  of  shear  and 
bending  moment is required. 

In order  to  illustrate t h e  accuracy  of  the  present  results, some 
comparisons wi$h results  calculated by more acckate msthods are given  of 
the  loads,  shears, and bending  mcments  for a hypothetical  airplane 
operating  at  different  speed ranges. 

A n  exampie is also included to illustrate the use of the charts and 
to  show  typical results. 

INTRODUCTION 

Since  the  determination  of  the  load  distribution'over a swept  wing, 
even in  the  subsonic  range  where  incompressible  fluid  is  assumed, may be 
a long and  tedious  process,  the  fact  that  load  distributions f o r  several 
speed  ranges may be required  makes  it  desirable  that some quick  and  easy 
method  be  available  by  which prelimiw results may be  determined. 

For this  reaeon,strip  theory has been used  to  establish a series of 
nondimensional  charts by which  the  load, shear, bending  moment,  and 
accumulated  torque at any point  along  the wing span may readily  be 
determined.  The chmts, together  with the specificatfon  of load factors, 
angular  velocity,  and mgular acceleration to be used, should serve as a 
preliminary  guide  in  determining  the  sizes of the  structural  elements 
required  to  support  the  load. The results are  given  in &8 general a form 
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as possible and consist  of  charts  covering  the  distributions due to  the 
additional air load, air loads  due to an equal and opposite  aileron 
deflection,  built-in"twist,  damping-in-roll, winweight, normal-inertia, 
and mgukr-inertia  didributione. The torques  about  the  elastic exis, 
parallel  to  the X 4  plane, due  to  the  section  pitching  moments as well as 
thoee due to  the  above-mentioned  air and inertia-load  distributions m e  
a lso  included. The charts  cover  the range of taper  ratios from the rec- 
tangular to  the  pointed  wing. 

SYMBOL3 AND SIGN CONVXWITONS 

k2 

k3 

a 

6 

E 

wing  load  factor 

gross airplane weight,  pounds 

wing  weight,  pounds 

wing span, feet 

aileron span, feet 

wing chord  at any station, feet 

average  chord of wing, feet 

lateral  distance  measured from plane of qpmetry, feet 

lateral  dietance  measured frm plane of Bymmetrg 8s 

fraction of semispan (6%) 
distance from leading edge to  line  of  aerodynamic 

centers  as a fraction of the  chord 

dietance from leading edge to  elastic  axis a8 a 
fraction of the chord 

distance f r o m  l ed ing  edge to line of section  center 
of g r a e t y  ae a fraction of the chord 

angle of attack, degrsee 

angle of bu:lt-ir, ?:.Tist fk.m root to tlp,  radians; 
waahin poait: ivr 

r 
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C 
La 

c2cL 

x 
Q 

v 
M 

A 

P 
A .  

2 

Q 

EM 

i 

. .  
T 

rate  of  change  of w l n g  lift  coefficient  with angle 
of attack,  per  radian 

effective  ssction'lift  slope;  rate of change of wing- 
section  lift  coefficient  with  wing  angle of attack, 
per radian 

rate  of  change  of  wing-eection  lift  coefficient  witb 
aileron  deflection,  per  radian 

3 

rate  of  change  of  wing-section angle of attack  with I 

aileron.deflection  for  constant  lift at section 

wing  taper  ratio 

dynamic  pressure,  pounds per square foot 

true  airspeed,  feet per second 

Mach number 

angle of  sweep  measured From the Y-axis to the l ine  
of  aerodynamic  centers, degrees; sweepback  positive 

angular velocity in r o l l ,  r&ans per second 

angulm acceleration in roll, radians per second  per  second 

helix angle describsd by wing  tip,  radians 

gravitational  constant,  feet  per  second per second 

wing-eection  pitch-omnt  coefficient  about.  its 
aerodynamic  center 

increment in wing-section pitchiwo~5nt coefficient 
about its aerodynamic  center due to aileron deflection 

ru-wing load  at any spanwise  station,  pounda per foos 

vertical  shear  at any spanwise  station, p0un.l~ 

vsrtical  bending  noment 87: any spanwise stario~, 
foot-pounds 

accumulated  torque  at any spanwise  staTion,  pound.-fset 
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In addition  to  the  preceding  symbols,  the  following sign conventions 
are wed: 

1. Upwwd-acting  Ioads on the wiw, whatever  the SOUTCB, and  their 
resulting shears and  bending  moments are considered  positive. Thus, in 
connsction  wfth  the  air  loads on the  wing  due  to angular velocity  in 
roll and +,he inertia loads due to angular acceleration, the signs may be 
either  positive or negative,  depending on .the wing being  considered and 
the  direction of the r o l l .  

2. Pitching moments tending  to stall the  airplane axe considered 
positive. 

Other sign conventions  followed in this  report are  shown in figure 1. 

BASIS OF CHARTS 

Geometric  Characteristics of Winge 

Ths charts  given in thie  report  strictly  apply 50 tapered w i n g s  
having the following geometric  characteristics: 

' 1. The slopes of the  leading  and  trailing edges are constant along 
the span. 

2. The lines  of  aerodynamic  centers,  elastic  centers,  and  centers  of 
gravity of the  section8 axe straight  and a r e  located  at  constant fractiom 
of the chord  behind t h e  leading  edge. 

3 .  Ailerons and flaps  have  conetant flapchord ratios along the span 
and  hence introduce constant values of 4. 

4. Any built-in or aerodynamic twi*varies linearly  along  the span. 

5.. The wing sastion and hence  the pitchimoment coefficient  is 
constant along the  span. 

Assumptions 

In addition  to t h e  above  geometric  restrictions,  the following 
sssuuptione were  made: 

1. The magnitude of the  no--force  component  at a given spanwise 
station is proportional to t E  chord and. the angle of  attack at the 
station. 

t 

2. The magnitude of the'wing  dead  weight  at spanwise station is 
proportional  to  the  chord. 
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The forces  and  moments  considered ac€ d o n g  the  lines a d  planes 
sham in  figure 1. Loads and shears axe given in planes  parallel  to  the 
X 4  plane.  Bending  moments  and  torques are calculated  about axes parallel 
to the X-exis and Y-exis,  respectively. 

The load  distributions  covered  by  the  charts  consist of the four 
aerodynanic ad. two inertia  or  dead-eight loadings sham in  figures 2 
and 3, respectively. These figures also show  the methods for  obtaining 
numericd results f r o m  the  charts  given in figures 4 to 12. The 
accumulated-torque  distributions are .sham eo that  the  effects  upon  the 
camponents  of  the  total  torque  distribution  of  the  displacement of the 
elastic  axis  from  the  aerodynamic  centers  of  sweep,  and  of t h e  displace- 
ment of the  section  centers of gravity f r o m  the aero~namics centers may 
be seen. 

Additional-load  distribution.-  This is the  distribution  associated 
with a rigid,  untwisted wing, and  under  the  assumptions made it is con- 
stant in shape  and  varies  with  the  load  factor. The nondimensional 
loads,  shears,  bending  moments,  and  torques  due  to  this  distribution  are 

of load, shear,  bending  moment,  and  torque in a given  case, the numerical 
value  of the ordinate  at any spanwise  station  is  multiplied by the 
numerical  value of the factor  given  in figure 2 which may be  determined 
from the  conditions of the  problem. 

. given in figures 4, 9( a), and g(b) . In order  to  obtain  the  actual values 

4 

Ailerons-deflected  distribution.- The load  distribution  due  to 
deflecting  the  ailerons  equally and oppositely  is a zero  lift  distri- 
bution  and  does  not  affect  the  total  lift. The l o a d  depends on the 
amount  of  aileron  deflection  aa  well as on the  aileron  effectiveness  and 
Qnamic pressure. The nondimensional  loads,  shears,  bending  moments,  and 
torques  due  to  this  distribution are  given in figures 4, 5, 9( a) , 9( b) , 
and 10. The load distributions shown apply only over the  part  of  the  span 
containing  the Ueron, the  load  becoming  zero  at the inboard  end  of  the 
aileron. The shear  becomes  constant  inboard of the  control  surface. The 
bending-moment  and  torque  distributions  given  apply  to  ailerons  of  various 
span  ratios aa noted on the figures.  Actual  value8 of the  load,  shear, 
bending moment, and  torque  are  obtained  as  before. 

Built-in-twist  distribution.- A linear builtAn twist in the  wing 
will cause  distributions  as sham in figures 6 and ll. In computing  the 
distributions due to  built-in  twist alone, it is  necess= to subtract 
an additional load equal to  the  load cawed by  the  twist  to  obtain a zero 
lift  distribution. The resulting  diSkribUtiOn  varies  with angle of twist 
and  dynamic  pressure.  Numerical  values  of  the  load, shear, benling 
moment,  and  torque in a given  case are obtained as shown  in  figure 2. 
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Daminn-in-roll  distribution.- The rolling  velocity  caused by the 
equal and opposite  aileron  deflection  results in a damping  moment. The 
load  distribution  due  to  this  damging  moment  is  computed  as  though  the 
wing has a linear  antiqmnetrical t w i s t  increasing from zero at the 
airplane  center  line  to a value  of  the winetip helix ang le  pb/m at  the 
tlp. This distribution  is  dependent  upon  the  wimg-tip  helix angle and 
the  dynamic  pressure.  The  distributions  due  to m i n g  in roll are  given 
in fives 7, 12(a), ~ t n d  . 

Section uitchinmoment distribution.- The torque  distribution  is 
caused  by  the pitchinement coefficients  of”the  sections.  Under  the 
assmptions made  previously in this  report  the  wing  sections and con- 
sequently  the  section pitchiwoment coefficients a r e  constant along the 
span of  the wing. The distribution  varfes as the  dynamic  pressure  and 
is shown in figure 8. 

Deflecting  the ailemne equally  and  oppositely  causes a change in 
the  pitching-moment  coefficient.  This  increment  will be constant  along 
the  aileron  span  since  the  aileron  chord -wing chord  ratio is assumed 
constant.  The  distribution  varies rn the  dynamic  pressure.  The  results 
sham in figure 8 apply over the  aileron  span.  Inboard  of  the  aileron 
the  accumulated torque due  to  this incremnt remalns constant. 

Wineweight and  normal-inertla  di8tri’bution.-  This  dietribution 
results  from  the  structural  weight of the wing. Unbr the  assumption 
made  it  is  proportional  to  the  chord  and  varies  with  the l oad  factor and 
wing weight.  The  results  applicable  to  this  diatribution m e  given  in 
figures 4 and 9. The  ordinates of the  figures  are used in conjunction 
with  the  factors  given  in  figure 3 ‘to obtain numer id  values of  load, 
shear,  bending  moment, and accumulated  torque. 

Angular-inertia  distribution.- Angular acceleration in r o l l  produces 
an angulm--which varies as the angular ro l l ing  
acceleration. This distribution  is  assumed  to  be  proportianal to the 
chord and  the  relative  distance  along  the  span.  Figures 7 and 12 present 
the load, shear, bendinmoment, and  accumulated-torque  distribution8 
applicable  to  this  loading.  Numerical  values  are  obtained  as  explained 
In figure 3. 

APPLICATIOR OF CHARTS 

In order  to  apply  the  charts,  numerical values of the  quantities 
listed in table I are  required. Many of these  will be determined f r o m  
the  geometric  chmacteri-stics of the  airplane  while others will depend 
upon  the  design  conditions  to be iwestigeted. The angle 8 and the 
aerodynamic  quantities q and  c2  to be used  call  for  additional 
comment,  however, if reasonably  accurate  magnitudes of the  load  dlstri- 

a 

butions  directly  affected by them are  to be  obtained. 
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t 

A s  def k e d  in the sgmbols, 6 is measured parallel t o  the  plane of 
symmetw 

The value of % t o  be used  should  be  applicable to  the  particular 
section geometqy of the  aileron t o  be used and should be corrected f o r  
any Mach  number o r  other  effects that mag exfst. A guide t o  the value 
of may be obtained f r o m  various RACA data reports. 

The value of the  effective  slope cza to  be used is more di f f icu l t  
t o  determine, being influenced by both Mach  number and sweep and being 
neglected in the  derivation of the  charts.  Since  induction  effects %-ere 
neglected., it would be expected that errors on th is  account would be 
lowest where such effects are a minimum, that is, at large aspect ratios. 
Unfortunately, law aspect r a t i o  &d sweep uaually occur together so that  
t o  obtain a practical  value of cz, it is suggeeted that the l i f t c u r v e  
slope  for  the  entire WLng C be EUb8titUteh for the  section lift L, 
Slop0 CZ,. The lift-curve slope for   the  f ini te  wing CLa could  then be 
obtained  either f r o m  t e s t s  of a wing of geometrically similar plan form 
or, lacking such data, from the relation 

(A + 2) cos A 
c =  
La A + 2 cos A “““1~ 

where the slope f o r  zero sweep angle CL i~ appropriate t o  the 

Mach nmbsr in question. The abme equation takes both sweep and first- 
order  induction  effects i n t o  account and is based on an unpublished analysis 
f r o m  the Langley stability tunnel. 

ah4 

For best  results  the  charts  presented in this  report  should be used 
only t o  detemnine c r i t i ca l  wlng loads. 

To i l lustrate  the me of the  charts,  the loads on the  right wing w i l l  
be d e t e d n e d  f o r  a hypothetical alrplane with swept wing6 in an abrupt 

. rollin@; pull-out t o  the right. This maneuver is chosen because it 
i l lustrates  the use of the  figures and indicates  the  relative importance 
of the  various  distributions. Values of the  characteristics of a 
typical high-speed airplane  with sweptback wings are assumed  and. are 
shown in table I. 
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m i c d  Calculation a t  &-Percent- 

Semispan Station 

t 

Additional  air l oad  = F l r  nW 

F1 at station 40 = 1.06 

= 4000 

Load = 1.06 X M O O  = 4240 Zb/ft 

Ailerona-deflected  load = F l c I a ~ 8 q T  
FI at station = 0 ae this station is 

Load = 0 
inboard of the  aileron 

5'3 = 163.5 

The total  load at the  40-percent-semispan  station is th3 suin of' the 
incremente, 3688 pounds per foot. 

I 
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The distribution  of  shear,  bending  moment,  and  accumulated  torque 
along  the  span  was  found in a similar manner  through  the use  of  the  curves 
of figures 4 to 12 and  the  factors  given in table I. 

The loadings  were  determined  along  the  semispan  of  the  right wlng. 
The load,  shear,  bending  moment,  and  accumulated  torque  are sham in 
figures 13, 14, 15, and 16, respectively. In the  figures  each  increment 
is plotted  separately  to  show  the  relative  importance  of  each  component 
of  the  total  distributions. 

DISCUSSION 

For smlicity in manufacture, many mept wings are designed  with  the 
chordwise  members  perpendiculez  to some constant  percent  chord l ine .  
Mments in planes  parallel  and  perpendicular  to  the  chordwise  members are 
usually considered in determining  the  necess-  structure  for  such a 
design. The results  obtained f r o m  the  charts,  which  apply  to  sections 
parallel  to  the  relative  wind, may be  adapted  to  this  type  of  wing  struc- 
ture  by  adding  the  components  of  the  bending  moment and torque  acting in 
this  direction at the  station  under  consideration.  Thie w i l l  result in 
a new torque  given  by 

T' = BM sin A' + T cos A' 

c and a new bending  moment 

B" = BM cos A' - T sin A' 

where A' is the angle of  sweep of the selecteh  datum. 

Although  the  charts  are  derived  for loads which  are  considered 
distributed, large concentrated weights such ae landing gear, machine 
guns, munition, and so forth,  that may be  housed in the wing may easily 
be taken  into  account. 

The charts m e  applicable  to  wings  of plan  forms other  then 
trapezoidal. So that  distributions equivalent to  those  of  the original 
wing may b.e obtained, a trapezoidal wirg with  area  and  centroi'd equal to 
those  of  the  original wing should  be  used. If the  center of area  of  the 
original  wing B is known, the  taper  ratio of the  equivalent  trapezoidal 
wing may be found  from  the  relation 
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The dinemions of the  trapezoidal w h g  may now be  determined,  area  and 
taper  ra5io  being hown. An exampls of this  modification  is  shown  in 
figure 17 which  also  shows  the  effects  of  such a substitution  upon  the 
accuracy of the  distributions  due  to  the  additional  air  load. The 
distributions  shown f o r  the  elliptical  wing were obtained from referencel. 
Other  vsrtable  factors  such  as  built-In or aerodynanic  twist are  assumed: 
linear,  whereas  flap-chord  ratio,  positions of the l ines  of centers,  and 
wing  section are  assumed  constant.  Although  the use of the  charts in this 
manner may reduce  the  accuracy of the  results  obtained,  they  should  sti31 
be  suitable f o r  preliminw design  work,  provided  the  departurs from the 
original  wing  is  not too great. 

It may be  seen from the  results of the  typical  example  as  shown in 
figures 13 to 16 that  the  largest  part of the  total  distributions  is  due 
to  the  additional  air  load.  The  next  largest  part  is cawed by wing 
weight and normal inertia. The loads  due  to  damping in r o l l  and  to an 
equal  and  opposite  aileron  deflection  account for smaller parts  of  the 
total  distributions  while angular inertia  and  built-in  twist  account  for 
even  smaller  parts. In the  case of the torques,  that  due  to  the  additional 
load  is  considerably larger than  that due to the  section  pitchingmoment 
because of the smal l  value of c selected. In a straight  wing  this  is 
almost  never  the  case  becauae'the  additional  load usually introduces 0- 
Bmall torque  values  about  the  elastic  axis  as  compared  with  that due to 
section  pitching  moment,  which  is  independent of sweep. The introduction 
of swe.ep,  however,  results in an increme of  the  torque  value due to the 
additional air load above  that  due  to  section  pitching  moment.  Since  the 
additional  load  curve is automatically  adjusted to obtain  the  area  under 
the  load c w e  corresponding  to  the  assigned  load  factor,  good  accuracy 
can be  expected. The load components  due  to  built-in  twist,  damping  in 
r o l l ,  &d ailerons  deflected  will  probably  not  be hown to  the  sane degree 
of accuracy,  on a percentage  basis. However, since  these  components 
present  relat'ively small contributions  at  the  cri-tical loa& condition,  the 
lack of accuracy could be tolerated  in prelimim-design w6rk. 

mo 

In order  to  indicate  the  relative  accuracy  of  the  results  obtained 
from  the  charte  with  results from more accurate  methods  and  with  experi- 
ment,  several  comparisons  are  shown  in  figures 18 to 20. These compari- 
sons are made f o r  equal total  lift  on  the  wings,  that  is, equal shears 
at the  wing  root.  They are  made  for a wing with  taper  ratio of 0.418 
since  thie waa the only ratio  for  which  applicable experaental data were 
available. The other  characteristics remain as shown  in  table I. Curves 1 
in the figures  represent  the  distributions  due  to  the  additional.  air l oad  
obtained from the  charte.  The  experimental  subsonic  distributions a r e  
given  by  curvss 2 and &e based  on  data  from work done  at  Ames.Aeronautical 
Laboratorg  by B. H. V a n  Dorn and John DeYoung. Ths corresponding  theoretical 
distributions f'rom Fallmer's method  (reference 2) a re  given  as c w e s  3.  
The supersonic  distributiom  given by figures 21 to 23 were computed  using 
the  method of reference 3 f o r  M = 1.414. It may be seen  that  since  the 
results f'ram the  charts show these  results to be at the most 15 percent 1 
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low (in .the  supersonic  caee) , the chats are of sufficient  accuracy  to  be 
used In preliminary design  work.  However, It should  be  noted  that some- 
what  poorer  agreement may be expected  at  higher Mach numbers dependkg on 
the  configuration of the  design. 

c 

Chmta have  been  presented  for me in determining preliminmy values 
of  spanwise-load, shear, bending-moment,  and  accumulated-torque  distribu- 
tions  of  awept  wings of various  taper  ratios. 

The  charts  will  give  results  that m e  reasonably  accurate when con+ ' 
pmed with  distributions  determined by means of more  accurate  and 
laborious 'methods. On the  basis  of  these  results,  the  charts may be con- 
sidered &B being  applicable in prellmlnary  design  work. 

Langley Memorial Aeronautical  Laboratory 
National Advisory Connnittee for Aeronautics 

Langley  Field, Va. 

1. Pearson, Henry A., and Mken, William S., Jr.: Analysis of Effect of 
& Rolling Pul1"outs on Wing and Aileron 'Loads of a Fighter Airplane. 

NACA ARR KO. L5IO4, 1946. 

2. Falher, V. M.: The'Calculation of Aerodynamic Loading on Surfaces 
of Any Shape. R.& M. No. 1910, British A.R.C., 1943. 

3 Brown, Clinton E. : Theoretical  Lift  and Drag of Thin  Triangular 
Wings  at  Supersonic  Speeds.  NACA TIT No. 1183, 1946. 
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TABU3 I 

load factor,^.., . . . . . . . . . . . . . . . . . . . . . . . .  
Gross  airplane w e f a t .  W. lb . . . . . . . . . . . . . . . . . .  
WiWWi&t. W,. lb . . . . . . . . . . . . . . . . . . . . . . .  
Wing span. b. ft . . . . . . . . . . . . . . . . . . . . . . . .  
Averege wing chord. F. ft . . . . . . . . . . . . . . . . . . .  
Wing taper ratio., X . . . . . . . . . . . . . . . . . . . . . . .  
Sweepback. A. deg ' . . . . . . . . . . . . . . . . . . . . . . .  
Aileron span ratio. b, /b . . . . . . . . . . . . . . . . . . . .  
Aileron chord ratio.  Ca/c . . . . . . . . . . . . . . . . . . . .  
Chordwise  location of a e r o d y m c  centers. kl . . . . . . . . . .  
Chordwise location of  elastic  centers. kg . . . . . . . . . . . .  
Chordwise location of centers of gravity. k3 . . . . . . . . . .  

Aileron effectiveness factor. q. deg . . . . . . . . . . . . .  
Angle of built-in 'cwiet of wing. 6. deg . . . . . . . . . . . .  
Slope of section lift curve. cz,. per radian . . . . . . . . . .  
Pitchimoment coefficient. cm, . . . . . . . . . . . . . . . .  
Increment in pitchimoment coefficfent. Ac, . . . . . . . . . .  
Qnamic pressure. q. lb/Bq ft . . . . . . . . . . . . . . . . .  
war acceleration In roll. p. radianlsec/sec . . . . . . . .  
Aileronangle. 8. deg . . . . . . . . . . . . . . . . . . . . .  
Wing-tip helix angle. pb/2V.- radian . . . . . . . . . . . . . .  

. 8.0 
16. ooo . 3000 
. .32 . .  8 . 0.50 . . 4 5  . 0.50 . 0.23 . 0.29 . 0.45 . 0.50 . 1.0 . 6.0 
. 0.50 
. 4. 01 
. 0.03 

. 400 . -3.0 . 0.04 
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Figure 1.- Sign  conventions employed. Positive'directions and 
dimensions are shown. 
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Addltlsnal Load D l a t r l b u t l o n  

Load, lb/f t 

Shear, l b  

Bending Moment. it-15 

Accumulated  Torque, lb-f t 

F1 x nW/b 

P2 x nW 

F x n'lb 3 
Fll x nWE (k2 - kl) 

+ F12 x n*b t e n  A 

Al le rons -da f l ec t ed   D ia t r lbu t lon  

Load, l b / f t  

Shear3 l b  

F1 x c 1 ,  % 4qp 

€2 c h  % 4qbF 
Bendlng  Hment.   Pt-lb 

F x c ab bqb% 

Pl l  x cLa a8 W2 (k2 - ICl) 

3 I ,  
Aocumuloted Torque,  lb-It 

+ FI2 x c L a  a6 Oqb% tan  A 

B u l l t - l n  Twlst D l s t r l b u t l o n  

Load, 'lb/f t 

9 hear, 
FjL c ia€  9F 

'8 F X c L  15 qbF 
5 a  

Bendlng Moment 
Fg x c 6 qb2F 

La 

F14 a aza€ c i b s  (k2 - kll 
Accumulated  Torque, Lb-f t 

+ F15 x cLa€ qb'% tan A 

Damping-ln-roll   Dlatrlbutlon 

Loud, lb/f t 

'7 'I, $ pF 
FB X c t ,   qbz  

p9 x o L a  sb% 

Shear, lb 

Bendlng  Konent, I t - l b  

Acamuleted Torque  lb-f t 

F16 x c i a   q b G  ( k p  - kl) 
+ 5 7  z a  2y 

x c E qb% tan A 

S a c t l m   P l t c h l n g   M m a n t   D l s t r i b u t l o n  

Accumulated Torque. lb-f t 

F10 ' %lo q'c 
-2 

Mbtrlbbutlm Cauaed bt ,bllerm beflectlm 
Increment In  Sec t lon  P l t c h l n g  M a m m t  

Accumulated  Torque, l b - l t  
F x dc qb$ 

10  m 

I 

Figure 2.- Summary of aerodynamic load distributions considered. 
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1.5 

Wing Weight and Normal Inertia 
Distribution 

Angular Inertia Dlstributl on 

Bending Moment, f t - lb  

F9 x f - r  Wwb2 

Accumulated Torque, lb-f t 

F16 @5 T x ii ww bF (k2 - kl) 

Figure 3 . -  Sumnary of Inertia Distributions Considered. 
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Figure 4.- Distributions due to additional air load, ailerons-deflected air load, and w h g  
weight and normal inertia. 
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Figure 5.- Bending-moment distributions due to ailerons-deflected load for several  aileron spans. 

. .. 



Figure 6.- Distributions due to  linear built-in twist. 
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Figure 7.- Distributions due to damping in  roli and angular inertia loads. 
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Figure 8.- Accumulated torque due to section pitching moments. 

. 
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Figure 9.- Accumulated torque distributions for additional ai?! load, ailerons-deflected air load, and 
wing weight and normal inertia. 

. .. 



Figure 10.- Accumulated torque distributions due to ailerons-deflected load for several aileron spans 

. . .  . .  
. .  
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Figure 11.- Accumulated torque distribution due to  built-in twist load. 

. .  



Figure 12. - Accumulated torque distributions due to damging in roll and angular inertia loads. 
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Figure 13.- RRsults of typical example showing components of total 
load distribution. 



26 NACA RM No. ~ 8 ~ 2 6  

.. " 

Figure 14. - Results of typical  example showing components of total 
shear distribution. 
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Figure 15. - Results of typical example showing components of total 
bending-moment distribution. 





Figtlre 17.- Results, with respect to the additional air load, from use of the charts with wing of plan 
form other than trapezoidal. 

8 



MACA RM No. L8A26 

Figure 18.- A comparison of spanwise loads obtained for theoretical 
airplane of example wi th  A = 0.418 at subsonic speeds. 
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Figure 19.- , A comparison of spanwise shears obtained for theoretical 
airplane of example with A = 0.418 at subsonic speeds. 
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Figure 20.- A comparison of spanwise bellding moments obtained fo 
theoretical  airplane of example with h = 0.418 at subsonic 
speeds. 
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Figure 21.- A comparison of spanwise loads obtained at supersonic 
Speed for wing shown. 
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Figure 22. - A comparison of spanwise shears obtained at supersonic 
speed for  wing shown. 
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Figure 23. - A comparison of spanwise bending moments  obtained 
at supersonic speed for  wing shown. 
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